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Abstract 
Fatigue characterization of metal matrix composites by experimental methods are being pursued seriously by 
several researchers. This is tedious and time consuming especially for complex shaped components. In recent years, 
finite element analysis is being exploited to predict the fatigue life of metallic components with good success. 
However no information is available as regards the prediction of fatigue life of metal matrix composites. Al6061-
TiB2 in-Situ Composites possess high specific modulus and strength coupled with excellent wear resistance and 
high fatigue life as reported by several researchers. In the light of the above this paper focuses on prediction of high 
cycle fatigue life of Al6061 TiB2 in-situ composites by using commercial FEA software (MSC-Patran, MSC-
Nastran and MSC-Fatigue). The predicted result of high cycle fatigue life of matrix alloy Al-6061 is compared with 
standard data available in military data handbook. The test specimen as per ASTM standard for fatigue tests was 
modeled and FEA mesh was created. Fatigue analysis was preceded by static analysis run. The material properties 
data for the insitu composites were experimentally determined. 
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1. Introduction 
Currently, aluminum based composites are being preferred over other conventional alloys in many engineering 
applications owing to their several merits such as higher specific strength, fatigue strength, relatively lower densities 
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coupled with wear resistance when compared with conventional aluminum alloys. Hence, aluminum based 
composites are the most favored candidate materials for aerospace components subjected to repeated loadings. 
However, developing tailor made aluminum based composites meeting the stringent requirements of aerospace 
materials is a real challenge. Aluminum in-situ composites and in particular in-situ TiB2 are the new class of 
composites which are promising futuristic materials to address the above issue. TiB2 has a very high hardness 
coupled with the least thermal mismatch with aluminum alloys. However TiB2 is very expensive to be tried out as a 
dispersoid in aluminum alloy matrices for commercial applications (Tee etal., 1999; Emamy et al; 2006; Ramesh et 
al 2011). Hence, the in-situ technique of producing TiB2 in aluminum alloy matrices is the only alternative to 
achieve mass production at low cost. Tjong et al. (2005) have fabricated Al-TiB2 composites via reactive hot 
pressing of TiO2, Al, B or B2O3 powders and their high cycle fatigue (HCF) behavior under stress-controlled 
conditions at various load ratios have been reported. Hou et al. (2009) have predicted the high cycle and low cycle 
fatigue behavior of single crystal nickel base super alloy turbine blades by finite element analysis. Few researchers 
have utilized the finite element method for analyzing automotive components subjected to fatigue such as the lower 
suspension vehicle arm (Abdelhamid etal., 2011). Liangmo Wang et al. (2011) have reported both the experimental 
and finite element analysis results of the fatigue life of aluminum wheels. Stevan et al. (2005) have predicted the 
fatigue life of structural components of aircraft by combining Neuber`s rule and the finite element method. There are 
studies on HCF of turbine blades of military aircraft engines disks under resonant vibratory stresses using finite 
element analysis (Kwai etal., 2012). Qubo Li et al. (2011) have predicted the static, dynamic stresses and fatigue 
behavior of composite axial compressor blades. However, there are no reports on the prediction of fatigue behavior 
of aluminum based metal matrix composites.  
In the light of the above facts, the present work focuses on use of finite element analysis (FEA) approach in 
predicting the high cycle fatigue life of cast aluminum alloy and its TiB2 in-situ composites. The predicted values 
from FEA are compared with the experimental ones available in Military handbook for Al6061alloy. 
Nomenclature 
x Composite X  Al6061+5%TiB2 x Composite Y  Al6061+14%TiB2 x Nf   Number of cycles to failure 
x Seq Equivalent stress 
 
2. Benchmarking MSC-Fatigue Results With Standard Test Data 
 
The objective of the project as discussed before is to generate an S-N curve for an aluminum alloy based in-situ 
composite using MSC-Fatigue software tool. The first step involved is to validate the tool. This is done by 
benchmarking the results from MSC-fatigue with standard data for A6061-T6 alloy from MIL5H-3-6-2 (Military 
Hand book, 1998). Table 1 reports the geometric and material property data details of the component used for the 
analysis.  
 
 
 
 
 
 
 
 
 
 
Figure 1.Finite element model used for the static and fatigue analysis 
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Table. 1.Geometric and material parameters from handbook 
 
Material 6061-T6  Aluminum alloy 
Ultimate Tensile  
Strength 
310.25 MPa 
Yield Strength 275.78 Mpa 
Young’s Modulus 68255.55Mpa 
Specimen 5.08 mm net diameter 
Loading Axial 
Frequency 2000 cycles/min 
2.1 Loads and Boundary Conditions 
One end of the specimen is fully constrained while an axial force of 0.1 N is being applied at the face nodes at the 
other end. The stress value for this force is noted down. The force is then scaled appropriately (linear interpolation) 
to get the desired stress value (points of interest).Alternately the desired stress values can be obtained by directly 
scaling the stress values in MSC-fatigue module. The finite element model details are shown in Fig.1 while  the 
loads and the adopted  boundary conditions are shown in the Fig.2. 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure.2.Finiteelement model with loads and boundary conditions 
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The red color triangles indicate the fixed constraints. The nodes are locked in all six degrees of freedom namely TX, 
TY, TZ, RX, RY and RZ which are the translations and rotations in X, Y and Z directions respectively. The yellow 
arrows indicate the force and the arrow head points to direction of application of forces which are along the positive 
Z-axis. After this a subcase where the displacements and forces are called is created. After this a linear static 
analysis (SOL 101 –Solution sequence 101, corresponding to linear static analysis) is run using MSC-Nastran 
(2005). The results are presented in the next section. 
 
 
Figure. 3. Stress plots, results of the static analyses 
 
2.2 Results of Static Analysis 
 
The results of the static analyses are shown in Fig.3. The points of interest for the benchmark case are 207MPa, 
172MPa, 138MPa and 103MPa as per the handbook. 
From the plots it is evident that the stress pattern is symmetrical as per applied loads and boundary conditions. The 
highest stress in all cases is at node 1211.  
The next step is to perform a S-N type fatigue analysis and check the number of cycles to failure for each of the 
above stress values and compare it with the handbook values. 
3.0Fatigue Analysis 
The following general setup parameters in the MSC-Fatigue (MSC Fatigue manual, 2005) module within MSC-
Patran (MSC Nastran manual, 2005)  are set for doing the fatigue analysis. 
x Analysis –S-N 
x Results location –Node 
x Nodal Ave. –Global 
x F.E.Results –Stress 
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x Res units –MPa 
After this job name is entered. In the specific setup forms, the following parameters are set in the solution 
params  sub menu. 
x Mean stress correction –None 
x Stress combination –Von-Mises  
In the loading menu a load spectrum with amplitude varying from a minimum of ‘-1’ to a maximum of ‘+1’ 
spanning for 2000 cycles per minute or 33.33 cycles per second is created using “Wave creation method.’’. Thus the 
stress ratio in this case is ‘-1.0’ that is the component undergoes 2000 tensions and compressions in one minute 
corresponding to 2000 cycles per minute. The stress value from static analysis gets multiplied with the amplitude. 
From this magnified stress the numbers of cycles to failure are calculated. 
 
The general formula used in calculation of number of cycles to failure Nf  is  
Log Nf= X-Y log (Seq)(1) 
Where  
X and Y are parameters based on the material property 
Seq= Smax (1-R)0.63(2) 
 
Where  
Smax- Static maximum stress and  
R is the stress ratio 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure .4. Load spectrum used in the fatigue analysis. 
 
After the load spectrum has been prepared, the S-N input curve is prepared by entering the ultimate tensile strength 
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value 310.25 MPa and Young’s modulus 275.78MPa.This is applied to the ‘group’ containing all the finite element 
entities. After this a ‘full analysis’ is submitted in MSc-Fatigue. The results are then plotted and the value at node 
1211 is noted by using list results option. This whole procedure is repeated for different stress values and the life 
values are compared with the benchmark values from the hand book. Fig.5 and Fig.6 shows the contour life plots for 
different stress values. 
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.Life plots at 207MPa and 172 MPa 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 6 .Life plots at 138MPa and 103Mpa 
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The following table 2 shows the comparison between the results from MSC-Fatigue and benchmarked results along 
with the error percentage. 
 
Table 2.Comparison of handbook and MSC-Fatigue values 
 
Stress Life Cycle to failure Error  
MPa Hand Book MSC-Fatigue % 
207.00 3.20E+04 2.54E+04 20.8 
172.00 1.50E+05 1.31E+05 13.0 
138.00 7.50E+05 6.21E+05 17.2 
103.00 5.00E+06 4.49E+06 10.2 
. 
From Table 2,  it is clear that the error is about 21%. This is acceptable given the highly probabilistic nature of high 
cycle fatigue. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure.7.Comparison of handbook values with the values generated by MSC-Fatigue 
 
Fig.7 shows graphically the comparison between the handbook and MSC-Fatigue tool values. The graph is plotted 
for a stress ratio of ‘-1.0’.From this section we can conclude that MSC-Fatigue gives a reasonably good result. Since 
the results are validated, we proceed to see the effect of stress ratios, effect of applied number of cycles and effect of 
temperature on the S-N curve in the subsequent sections 
 
3.1 Effect of Stress Ratio On The S-N Curve 
We have seen in the previous section that the number of cycles to failure (Nf) of a component is a function of the 
equivalent stress Seq. The equivalent stress in turn depends on the stress ratio ‘R’. Thus we can say that stress ratio 
has an effect on the S-N curve of a component. In this section we see how the stress ratio affects the S-N curve. This 
is achieved by changing the input load spectrum. The minimum stress amplitude is calculated as a factor (R-stress 
ratio) of the maximum amplitude. The other steps and parameters remain the same as in previous section. 
Table 3 -6  report  the results from MSC-fatigue for different stress values and different stress ratios. 
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 Table 3.Life at different stress values for a stress ratio of ‘-1.0’ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table. 4.  Life for stress ratio ‘-1.0’ 
 
  
 
 
 
 
 
Stress ratio R=-1.0 
Stress Life Cycles to failure 
MPa MSC-Fatigue 
207.00 2.54E+04 
172.00 1.31E+04 
138.00 6.21E+05 
103.00 4.49E+06 
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Table. 5.  Life at different stress values for a stress ratio of ‘-0.5 
 ‘ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table  6.  Life for stress ratio ‘-0.5’ 
Stress Ratio R=-0.5 
Stress Life Cycles to failure 
MPa MSC-Fatigue 
180 2.28E+05 
152 6.44E+05 
124 2.60E+06 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. 8.  S-N curves for 6061-T6-Aluminum alloy for different stress ratios 
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From Fig.8, we can conclude that for a given stress value, the life of the component increases when stress ratio 
increases. 
3.2 Finite Element Model of Aluminum and Its Composites 
 
To predict the S-N curves of base alloy Al6061 and Al6061-TiB2 insitu composites in various forms we utilize a 
specimen of standard size which is used in reverse bending tests. The finite element model  with the dimensions are 
shown in the Fig.9. 
 
 
 
 
 
 
 
 
Figure 9.Finite element model used in static and fatigue analyses 
 This finite element model is made of 3952 hexahedral elements. The number of nodes in this model is 4611,after 
the FEA–model is constructed the appropriate material and section properties are assigned. Loads and boundary 
conditions are applied i. e, one end of the specimen is fully constrained and a downward force of 0.05Nis applied at 
the face nodes at the other end. The force is then scaled appropriately (linear interpolation) to get the desired stress 
value (points of interest).alternately the desired stress values can be obtained by directly scaling the stress values in 
MSc-fatigue module.The finite element model along with the loads and boundary conditions is shown in the Fig.10. 
 
 
 
 
 
 
 
 
 
 
   Figure 10.Finite element model along with loads and boundary conditions. 
 
 
The red color triangles indicate the fixed constraints.The nodes are locked in five degrees of freedom namely TX, 
TY, TZ, RY and RZ which are the translations in X, Y and Z and rotations in Y and Z directions respectively. RX is 
left free.The orange arrows indicate the force and the arrow head points to direction of application of forces which 
are along the negative Y-axis. After this a subcase where the displacements and forces are called is created. This is 
followed by a linear static analysis run (SOL 101 –Solution sequence 101, corresponding to linear static analysis) 
using MSC-Nastran.The results are presented in the next section. 
 
 
4.0 Results and Discussion 
      The results of the static analyses are shown in  Fig.11 and Fig.12. The points of interest for generating the S-N 
curve are 50MPa, 60MPa, 70MPa, 80MPa and 85MPa. 
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Figure11. Stress plots (50, 60, 70, 80 MPa) of the static analyses for cast base alloy Al6061. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 12. Stressplot (85Mpa) of the static analyses for cast base alloy Al6061 
 
From the plots it is evident that the stress pattern is logical as per applied loads and boundary conditions. The 
maximum stress occurs at  the minimum cross sectional area. The highest stress in all cases is at NODE 143.Hence 
the minimum life should logically be at this node. The next step is to perform S-N type fatigue analysis and check 
the number of cycles to failure for each of the above stress values. 
 
4.1 Fatigue Analysis of Aluminum and Its Composites 
In this section, following general setup parameters in the MSC-Fatigue module within MSC-Patran are set for 
carrying out the fatigue analysis in the similar way same as mentioned in the earlier section. 
After the load spectrum has been prepared, the S-N input curve is prepared by entering the ultimate tensile strength 
and Young’s modulus. This is applied to the ‘group’ containing all the finite element entities. 
After this a ‘full analysis’ is submitted in MSC-Fatigue.The results are then plotted and the value at Node 143 is 
noted by using list or read results option.This whole procedure is repeated for different stress values and the life 
values for each stress are noted down. Fig.13 and Fig.14 shows the contour life plots for different stress values. 
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 Figure 13.Life contour plots at 50MPa,60MPa,70MPa & 80 MPa for cast base alloy Al6061 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 14.Life contour plots at 85MPa for cast base alloy Al6061 
 
The above procedure is repeated for cast Al6061-TiB2  in-situ composite samples X and Y. The results for the cast 
composite are presented in Table 7. 
Table 7. Number of cycles to failure for the samples in cast form 
Components in cast form 
Stress (MPa) Life Cycles to failure from MSC Fatigue 
 Base Alloy Al6061 Composite Sample X Composite Sample Y 
50 1.82E+05 5.12E+05 4.25E+06 
60 5.23E+04 1.47E+05 1.22E+06 
70 1.79E+04 5.05E+04 4.19E+05 
80 7.05+03 1.98E+04 1.65E+05 
85 4.01E+03 1.13E+04 9.36E+04 
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Fig.15.  shows the S-N curves  for  both the cast alloy and the developed composites 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 15.  S-N curves for cast Al6061 base alloy & cast Al6061-TiB2 in-situ composites 
 
 
Similarly for unheat treated, and heat treated (T6 conditions) hot extruded Al6061 and TiB2 composites are 
subjected to different state of stress and number of cycles to predict the S-N curves. The results for the analyses are 
presented in the Table 8 and Table 9.The corresponding S-N curves are shown in Fig. 16 and Fig.17. 
 
 
Table 8.Number of cycles to failure for the samples in hot extruded not heat treated form 
Component in hot extruded unheat treated form 
 
Stress (MPa) Life Cycles to failure from MSC-Fatigue 
 Base Alloy 6061 Composite Sample X Composite Sample Y 
50 7.17E+04 1.20E+06 2.64E+06 
60 2.44E+04 3.44E+05 9.01 E+05 
70 9.71E+04 1.18E+05 3.58 E+05 
80 4.33E+03 4.64E+04 1.60 E+05 
85 2.66E+03 2.64 E+04 9.82 E+04 
 
 
 
Table 9.  Number of cycles to failure for the samples in hot extruded T6 heat treated form 
 
Component in hot extruded T6 heat treated form 
Stress (MPa) Life Cycles to failure from MSC-Fatigue 
 Base Alloy 6061 Composite Sample X Composite Sample Y 
50 1.50E+06 3.49+06 8.52E+07 
60 4.32+05 1.00E+06 2.45 E+07 
70 1.48+05 3.44E+05 8.40E+06 
80 5.83+04 1.35E+05 3.30 E+06 
85 3.31+04 7.69E+04 1.88E+06 
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 Figure 16. S-N curves for Al6061 base alloy & Al6061-TiB2 insitu composites in hot extruded un heat treated form. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 17 .S-N curves for Al6061 base alloy & Al6061-TiB2 insitu composites in hot extruded T6 heat treated form. 
5.0 Conclusions 
1. MSC-Fatigue tool is validated and the results are reasonable.  
2. The effect of applied number of cycles on the life of the component is studied. It is found that as the 
number of cycles increases the life of the component decreases. 
3. S-N curves for base alloy Al6061 & Al6061-TiB2  in-situ composites in cast, hot extruded un heat treated 
and  hot extruded T6 heat treated form are generated (predicted) for a stress ratio of ‘-1.0’ and at a speed of 
2000 cycles per minute. 
a. The hot extruded heat treated samples have a longer life when compared with their un-heat treated 
counterparts. 
b. The extruded samples have a longer life when compared with their cast counterparts. 
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c. Composites possess higher fatigue life when compared with base alloy in both cast and hot extruded 
(T6). Composite   Y possesses the highest fatigue life among all the materials studied.  
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